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' 1 
NOVEL AMTIBIOTIC PEPTTIDBB 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to novel antibiotic 
peptides which possess superior antibacterial and/or 
antifungal activities while causing no cytotoxicity, and to 
10 antibacterial and/or antifungal agents containing said 
peptides as active ingredients* 

Description of the Prior Art 

15 More than 100 years have elapsed since the first 

scientific demonstration of microbial antagonism and five 
decades since the first clinical use of penicillin. At 
present, several thousand antibiotics are known and many of 
them are in practical use. However, studies on the 

20 antibiotics have been continuously needed due to the 
appearance of mutant microorganisms acquired resistance to 
the antibiotics and the serious side-effects of the 
commercially available antibiotics. In this regard, 
attempts to develop novel antibiotics to solve said 

25 problems have been carried out by screening secondary 
metabolites of microorganisms, by synthesizing analogues of 
known antibiotics such as quinolones or by isolating 
antibiotics such as proteins or peptides induced by an 
intracelluar defense mechanism (see: Natori S., J* Insect 

30 Physiol., 23:1169-1173(1977); Okada M. & Natori S. , 
Biochem. J., 211:727-734(1983); Ando K. et al., 
Biochemistry, 260:7174-7177(1987); Steiner et al.. 

Nature, 292:246-248(1981); Casteels, P. et al., Eur. J. 
Biochem., 187:381-386(1990)). 

35 On the other hand, it has been known that insects 

protect themselves from pathogenic bacteria or parasites by 
their own cellular and hiimoral immune systems, and they 
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frequently respond to the attack of pathogens by producing 
antibiotics, e.g., antibacterial proteins or peptides. 
Until now, about 50 antibacterial proteins or peptides have 
been isolated from the insects and their structures have 
5 been also elucidated. Some of the self -protective proteins 
or peptides such as Cecropin, have been intensively 
studied, which provides basic ideas for the development of 
antibacterial substances whose modes of action are novel • 
It has been also reported that most of antibacterial 

10 proteins or peptides may target lipid membrane, even though 
biological activities of all the antibacterial substances 
are not clearly xanderstood. For example, Cecropin, which 
is appeared in the hemolymph of certain insects, shows its 
activity on Gram positive and negative bacteria, by the 

15 amphiphilic binding with lipid membrane of bacteria, to 
form ion channels diverse in size and to allow a rupture of 
cell membrane ( see ; Christensen, B. et al., Proc. Natl. 
Acad. Sci., USA, 85:5072-5076(1988)). 

In addition to Cecropin, cysteine-containing Defensih 

20 and Sapecin, which are isolated from insects, are fallen 
within the antibacterial peptides whose target site are 
lipid membrane of Gram positive bacteria ( see ; Kuzuhara, T. 
et al., J. Biochem-, 107;514-518 (1990) ) . Their modes of 
action have been anticipated to be different from Cecropin, 

25 in light of the previous finding that insect Defensin leads 
to bacterial cell lysis in a relatively slower manner than 
Cecropin which requires only Imin to reach cell rupture. 

Another antibacterial peptides whose target site are 
lipid membrane, includes Attacin, Sarcotoxin, Deftericin, 

30 Coleoptericin, Apidaecin and Abaecin. The peptides 
conserve G and P domains, and have an influence on the cell 
differentiation of Gram negative bacteria and, in turn, 
lead to chain-shaped cell growth. In particular, Attacin 
has been also reported to break down outer membrane of the 

35 targeted bacteria by inhibiting the synthesis of outer 
membrane proteins. 

Besides the antibacterial peptides of insects 
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illustrated as above , several antibiotic peptides have been 
also isolated from amphibia, e.g., Maaainin( see : Zasloff, 
M. , Proc. Natl. Acad. Sci,, USA, 84:5449-5453(1987), 
Ranalexin f see ; Clark., D.P. et al., J. Biol. Chem., 
5 269:10849-10855 (1994)), Brevinins ( see : Morikawa, N. et 
al., Biochem. Biophys. Res. Commun. , 189:184-190(1992)) and 
Esculantins ( see ; Simmaco, M. et al., FEBS Lett., 324:159- 
161(1993)). The peptides have been known to show their 
antibacterial activities in a similar mechanism to 

10 Cecropin, i.e., forming ion channels in lipid membrane of 
bacteria to rupture the cell. 

On the other hand, the present inventors have 
previously reported the isolation of a protein which shows 
antibacterial activity (hereinafter referred to as 

15 "Tenecin") from a larva of Tenebrio molitor on which E. 
coli is infected ( see : Lee, B.L. et al., J. Biochem., 
116:53-58(1994)) whose amino acid sec[uences are: 

VTCDILSVEAKGVKLNDAACAAHC- 
20 LFRGRSGGYCNGKRVCVCR-CO2H 

However, the practical use of Tenecin have encountered 
several serious problems as followings: Tenecin should be 
isolated from the larva of Tenebrio molitor, which makes 

25 its isolation and mass production difficult; a large 
molecular size of Tenecin may provoke antigen-antibody 
reaction in vivo; Tenecin have narrow spectrum of target 
cell, i.e., on Gram positive bacteria only; and, Tenecin is 
xinstable since its chemical nature is protein. 

30 Under the circumstances, in order to provide novel 

antibacterial substances to overcome the problems of 
Tenecin discussed above, the present inventors have 
synthesized peptide fragments of Tenecin and their chemical 
analogues by the addition, deletion or substitution of 

35 amino acids, based on a finding that active site of Tenecin 
is conserved on a specific region, and finally discovered 
that the peptides possess superior antibacterial and 
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antifungal activities while causing no untoward effects 
such as cell lysis* 



SUMMARY OF THE INVENTION 

5 

In accordance with the present invention, the 
inventors discovered that: a nxiinber of chemically- 
synthesized peptides which are derived from Tenecin, show 
superior antibacterial and/or antifungal activities,, while 
10 causing no untoward effects, and they can be applied for 
the development of antibacterial and/or antifiingal agents. 

A primary object of the present invention is, 
therefore, to provide novel antibiotic peptides which 
15 possess superior antibacterial and/or antifungal activities 
while causing no cytotoxicity. 

The other object of the invention is to provide 
antibacterial and/or antifungal agents containing said 
peptides as active ingredients . 

20 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides acid- or amide-form 
peptides which possess both antibacterial and antifungal 

25 activities, which are represented by the general 
formula{I), formula(II) and formula(III) as below, and 
analogues thereof s including enantiomers, retro-inversoes 
and derivatives where at most 3 neighboring amino acids 
located in each of N- and/or C- terminals, or at most 2 

30 neighboring amino acids in the mid-part of the peptides, 
are substituted with D-form amino acids, respectively: 



35 



V c V C a* (I) 

wherein, 

is 2 to 4 residues of amino acid, which are 
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preferably selected from the group 
consisting of YC, FC, WS, FYC, KYC, 
PYC, KFYC and FFYC; 
is N, K or V; 

is vacant, or P, L or K; 
is vacant or K; 
is vacant or R; 
is R, L or D; and, 
C may be replaced with aminoisobutyric acid. 



p2 ^ p5 p6 p7 pB p9 p^0 ^jjj 

wherein, 

is vacant, or 1 or 2 basic amino acids; 

is vacant, or 1 or 2 hydrophobic or basic 
amino acids (provided that p'^ is vacant 
and p^ is l residue of amino acid. 
Pro and Tyr are excluded) ; 
p^ is 2 amino acids selected from the group 
consisting of hydrophobic amino acids 
and Cys; 

is 1 or 2 amino acids (provided that p^ is 
1 residue of amino acid. Pro and acidic 
amino acids are excluded; and, provided 
that p^ is 2 amino acids, both of which 
should not be acidic amino acids) ; 

P^ is 1 or 2 basic amino acids; 

p^ is vacant, or a hydrophobic amino acid; 
is an £unino acid selected from the group 
consisting of hydrophobic aromatic and 
aliphatic amino acids, Cys and Ser; 

P^ is a hydrophobic amino acid; 

p^ is an amino acid selected from the group 
consisting of hydrophobic aromatic and 
aliphatic amino acids, Cys and Ser 
(provided that p'^ is a hydrophobic 
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aliphatic emino acid or Ser, J3^ should 
be a hydrophobic aromatic amino acid 
or Cys) ; and, 
is 1 or 2 basic €unino acids. 

5 

y1 y2 yS y4 y5 jjj-jj 

wherein, 

is 1 to 4 residues of amino acid; 
10 is 2 to 4 hydrophobic eimino acids; 

y' is 1 or 2 basic amino acids; 
Y^ is 2 to 4 hydrophobic amino acids; and, 
y' is 1 to 3 amino acids containing at least 
one of basic amino acids (provided that 
15 Y^ is more than 2 amino acids, basic 

amino acids are directed to N- 
terminal) . 

The present invention also provides acid- or amide- 
20 form peptides which possess antifungal activity, which are 
represented by the general formula (IV) as below, and 
analogues thereof s including enantiomers, retro- inversoes 
and derivatives where at most 3 neighboring amino acids 
located in each of N- and/or C-terminals, or at most 2 
25 neighboring amino acids in the mid-part of the peptides, 
are substituted with D-form cunino acids, respectively: 



6^ (ab) . (ba)^ c tf2 (IV) 



30 



wherein. 



tf^ is 1 to 4 residues of amino acid; 
a is a hydrophobic aromatic euaino acid; 
b is a hydrophobic aliphatic amino acid; 
35 nl is an integer of 1 or 2; 

n2 is an integer of 1, 2 or 3 (provided that 
nl is 1, n2 is 2 or 3; and, provided 
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that nl is 2, n2 is 1 or 2) ; 
c is vacant, or a hydrophobic amino acid; 
and, 

6^ is 1 or 2 basic amino acids. 



In describing the antibiotic peptides of the present 
invention, one-letter abbreviation of eonino acids is 
employed, in accordance with the nomenclature system of the 

10 lUPAC-IUB. 

Further, the term basic amino acids are employed to 
mean usual or unusual amino acids with a basic side chain, 
e.g.. His, Lys & Arg as an usual and 2-methyl-L-arginine, 
ornithine, 2, 3-diamin6propionic acid and 2,4-diaminobutyric 

15 acid as an uhusal. 

Hydrophobic amino acids are employed to mean both 
aromatic and aliphatic euaino acids, where the hydrophobic 
aromatic amino acids contain usual or unusual amino acids 
with an aromatic functional group, e.g., Phe, Tyr, Trp & 

20 Pro as an usual and L-3-(i2,5-dihydrophenyl) -alanine, L-p- 
{5-hydroxy-2-pyridyl) -alanine and /3-isotyrosine as an 
unusual; and, the hydrophobic aliphatic eunino acids contain 
usual or unusual amino acids with an aliphatic functional 
group, e.g., Gly, Ala, Val, Leu & lie as an usual and 

25 cuninoisobutyric acid, isovaline, norleucine, norvaline, 2- 
€unino-5-methylhexanoic acid, 2-amino-6-methylheptanoic 
acid, 2-amino-7-methyloctanoic acid as an unusual. 

Acidic amino acids are employed to mean usual or 
unusual amino acids with an acidic functional group, e.g., 

30 Asp & Glu as an usual. 

Usual amino acids are employed to mean naturally 
occur ing 20 amino acids named in conformity with the lUPAC- 
lUB nomenclature system, and unusual amino acids are all 
the amino acids except for said naturally occurring 20 

35 usual amino acids. 



Though peptides are synthesized chemically in the 
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present invention, they ccin also be prepared from the host 
cells transformed with proper recombinant plasmids 
containing the nucleotide sequences which are reversely 
deduced from the amino acid sequences of peptides of 
5 interest. 

Based on the determination of minimal inhibition 
concentrations (MI Cs) against test organisms, i.e., bacteria 
and fungi, it has been found that peptides of the invention 
possess excellent antibacterial and/or antifungal 

10 activities. Further, from the absorbance measurement after 
coincubation of red blood cells and the peptides, it has 
been also found that the peptides do not give rise to lyse 
the red blood cells. 

From the above results, it has been concluded that: 

15 the antibiotic peptides of the invention can be applied for 
the development of antibacterial and antifxingal agents for 
the chemotherapy of local and systemic infections caused by 
pathogenic bacteria and/or fungi; and, they can be 
formulated into potent antibacterial and/or antifungal 

20 agents with pharmaceutically acceptable carriers. 

For oral administration, the peptides can be 
formulated into a solid preparation such as tablets, pills, 
granules, powder, capsules and the like, or a liquid 

25 preparation such as solutions, suspensions, emulsions and 
the like. The pharmaceutical preparations for oral 
administration can contain active peptide or peptides 
alongside the customary excipients such as (a) fillers and 
extenders, for exeunple starches, lactose, sucrose, glucose, 

30 mannitol and silica, (b) binders, for example 
carboxymethylcellulose, alginates, gelatine and 
polyvinylpyrrolidone, (c) humectants, for example 
glycerine, (d) disintegrating agents, for example agar^ 
agar, calcium carbonate and sodixim carbonate, (e) solution 

35 retarders, for example paraffin, (f) absorption 
accelerators, for example quaternary ammonium compound, (g) 
wetting agents, for example cetyl alcohol or glycerine 
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monostearate, (h) adsorbents, for example kaolin and 
bentonite, (i) lubricants, for example talc, calcium 
stearate and magnesitm stearate and solid polyethylene 
glycols, (j) colorants, (k) flavourings, (1) sweeteners, or 
5 mixtures of the substances listed under (a) to (1) . 

When the preparation is used for parental 
administration, the preparation is made in an injection 
formula, an intravenous drip infusion and the like. For 
the preparation of an injection formula, the solutions and 
10 emulsions can be in a sterile form which is isotonic with 
blood* The suspensions can contain in addition to the 
active peptide or peptides, preservatives, stabilizers, 
solubilisers, wetting agents, salts for changing the 
osmotic pressure or buffers, 

15 

The present invention is further illustrated in the 
following examples, which should not be taken to limit the 
scope of the invention. 

20 Example 1 ; Chemical synthesis of peptide fragments of 
Tenecin and determination of active site 

In order to determine the locus of active site, a 
number of peptide fragments of Tenecin were chemically 

25 synthesized from N- terminal to C- terminal, in accordance 
with the solid phase synthesis method: 

The peptides were synthesized by employing a peptide 
synthesizer (Applied Biosystem Instrument, Model 431A, USA). 
For the chemical synthesis, free amino acids were coupled 

30 to Fmoc{9-fluorenylmethoxycarbonyl) group for N- terminal 
protection, and Trt(trityl) , Boc{butyloxycarbonyl) , tBu(t- 
butylester) or Pmc(pentamethylchroloman) group for 
protection of reactive side chains. Amino acids thus 
protected includes: Fmoc-L-Ala, Fmoc-L-Arg(Pcm) , Fmoc-L- 

35 Asn(Trt), Fmoc-L-Asp(tBu) , Fmoc-L-Cys(Trt) , Fmoc-L-Gly, 
Fmoc-L-Glu(tBu) , Fmoc-L-Gln{Trt) , Fmoc-L-His (Trt) , Fmoc-L- 
Ile, Fmoc-L-Leu, Fmoc-L-Lys(Boc) , Fmoc-L-Phe, Fmoc-L-Ser, 
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Fmoc-L-Thr(tBu) and Fmoc-L-Val. 

In order to increase the stability of synthesized 
peptides, PAL (5- (4 -amino) methyl -3 , 5-dimethoxyphenoxy- 
valeric acid) and WANG(4-alkoxybenzyl alcohol) resins were 
5 employed, to give peptides having amide- and acid-forms of 
C-terminal upon cleavage from the resins, respectively, 
where Clmmole of the resin and 0«5mmole of amino acids 
were preferably added. 

HOBt (N-hydroxybenzotr iazole) and DCC (N , N ' -dicyclohexyl 

10 carbodiimide) were employed as a carboxyl group activator 
in coupling of amino acids. After the completion of 
coupling for about 35min, Fmoc N-terminal protecting group 
was removed by the treatment of piperidine. On the other 
hand, the side chain protected peptide on the solid support 

15 resin, was reacted with a cleavage solution (containing 80% 
TFA{trifluoroacetic acid), 2.5% ethanedi thiol , 5% 
thioanizole, 7.5% phenol and 5% up) for 8hrs at room 
temperature, and then, the peptide from which side chain 
protecting group was removed, was isolated from the resin. 

20 A solution containing the synthesized peptide was obtained 
by filtration and TFA was removed by purging nitrogen gas. 
To the resultant, diethylether chilled at -20°C was added 
and then centrifuged at 3,000rpm for 20min to precipitate 
the peptide. 

25 Peptides thus prepared were purified with the aid of 

preparative HPLC equipped with reverse phase C^g column 
(Delta Pak C18-300A, , 1.9 x 30cm, Waters, USA) by eluting 
with a linear gradient of acetonitrile in 0.1% TFA at a 
flow rate of 20mL/min, and their molecular weights were 

30 determined by mass spectroscopy. 

Antibacterial and antifungal activities of the peptide 
fragments of Tenecin thus synthesized, were determined by 
MIC tests employing test organisms, i.e., Staphylococcus 
35 aureus and Candida albicans . as fully described in Example 
2 below. Amino acid sequences of the peptides and their 
antibacterial and antifungal activities were disclosed in 
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Table 1. 



Table 1: Peptide fragments of Tenecin and antibiotic 
activity thereofs 



ttnae 


Amino acid sequence 


Location in Tenecin 


MIC(n9/ml) 


5. aureus 


C. albicans 


TEA 


DAACAAHHCLFR-HH2 


middle 


>500 


>100 


TEB 


NDAACAAHCLFRGItSGG-NH2 


meddle 


>500 


MOO 


TEC 


VTCOILSVEAKGVICL-NHg 


N-terminal 


>500 


>100 


TED 


YCKGICRVCVCR-NH2 


C- terminal 


10 


10 


TEO 


LSVEAICGViaNDAACAAHCL-NH^ 


middle 


>500 


>100 


TEQ 


LSVEAICGVICLG6GrCM6ICRVCVCR-NH2 


mfddle and C-terminal 


>500 


>100 


Tenecin 


VTCDI LSVEAKGVICUH>AACAAHCLFRGIl- 
SGGYCNGKRVCVCR-CO2H 




3 


>50D 



As can be seen in Table 1, it was surprisingly 
determined that TED possesses an excellent antifungal 
activity which is not appeared in Tenecin, though all of 
the peptide fragments showed lower antibacterial activity 
5 than that of intact Tenecin. 

To improve antibacterial and antifungal activities of 
the peptides, based on the results above, amino acids were 
added to N-terminal of the TED peptide: for example, TEDF 
was prepared by adding Phe to N-terminal of the TED 
10 peptide, and TEDFK was prepared by adding Phe and Lys to N- 
terminal. TED, TEDF and TEDFK thus prepared further 
underwent a multiplicity of addition, deletion and 
replacement of amino acids in the following examples. 

15 Example 2; Determination of antibacterial and antifungal 
activities 

Antibacterial and antifungal activities of the 
peptides were determined by employing MIC test as follows: 
20 To determine antifungal activity, a test organism 

Candida albicans fATCC 36232) v s cultured on Sabouraud 
dextrose agar plate for 24 to 48hrs, and colonies thus 
grown were suspended on Sabouraud dextrose medium (Gibco, 
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USA) to have O.D.^ = 0.5(3 x 10^ cells) and further diluted 
with 100-fold to have O.D.jj^ = 0.005(3 x 10^ cells). 100/il 
of Candida albicans culture thus prepared was pipetted on 
96-well microplates which had already contained 100/il of a 
5 serially diluted peptide solution. After incubation at 30°C 
for 24hrs, 2a3sorbance at 530ma was observed to determine 
the MIC of peptide against Candida albicans . 

Antibacterial activity of peptide was determined 
analogously as £d30ve, with an exception that Staphylococcus 

10 aureus (ATCC 6538) selected as a test organism was cultured 
on M-3 medi\m(Gibco, USA) at 37**C and cell number was 
adjusted to 2 x 10® cells before 100-fold dilution. 

A number of peptides whose antibacterial and 
emtifungal activities were determined as £iboves, were shown 

15 in Tables 2, 3, 4, 5 and 6. 



TeOile 2: Modification of N-terminal amino 
acid residues of the TED peptide 





taino acid sequence 


HIC(iai/ml) against C. albicans 


TED 


YCHGKRVCVCR-NH^ 


10 


TED11 


GKRVCVCR-NH^ 


>500 


TED12 


ICGKRVCVCR-NH^ 


>500 


TED13 


NGKRVCVCR-NH^ 


>500 


TEDU 


SMGICRVCVCR-NH2 


30 to 50 


TED15 


CHGICRVCVCR-NH2 


>500 


TED16 


FCNGKRVCVCR-NH^ 


10 to 20 


TED17 


LCNGICRVCVCR-NH2 


100 


TED18 


KCN&ICRVCVCR-NH2 


>500 


TE019 

1 


WSNGKRVCVCR-NH^ 


10 to 20 



wo 97/02286 



PCTyKR96/00034 



13 

Table 3: Addition of an amino acid to 
N-tenainal of the TED peptide 



Name 


Amirw acid sequerae 


HIC(Aig/ml) 


S. aureus 


C. albicans 


TED 


YCNGKRVCVCR-NH2 


10 


10 


TEDF 


FYCN(ilCRVCVCR*NH2 


5 


10 


TEOK 


KYCMQCRVCVCR-NH^ 


5 


5 


TEDP 


PYCN6ICRVCVCR-NH2 


5 


5 


TEDS 


SYCttGICRVCVCR-NH2 


10 


50 


TEDA 


AYCMGICRVCVCR-NH^ 


10 


10 


T£DD 


DYOIGICRVCVCR-NH2 


10 


50 


TEDL 


LYCIIGICRVCVCR-NH2 


5 


5 


TEDU 


UYCMGKRVCVCR-NH^ 


20 


20 

™ . 1 



TcdDle 4: Addition of an cunino acid to 

N-terminal of the TEDF peptide 



Name 


Amino acid sequence 


HIC(M9/mi> 


S. aureus 


C. albicans 


TEDF 


FYCNGICRVCVCR-NH2 


5 


10 


TEDFK 


KFYCMGICRVCVCR-NH2 


5 


3 


TEDFF 


FFYCNGICRVCVCR-NH2 


5 


3 


TEDFP 


PFYCMBICRVCVai-NH2 


>500 


>500 


TEDFS 


SFYCHGICRVCVCR-NH2 


50 


10 


TEOFY 


YFYCMGICRVCVC11-NH2 


50 


100 


TEDFD 


DFYCNGICRVCVCR-NH2 


>500 


>500 


TEDFL 


LFYCNCICItVCVCft*NH2 


30 


100 


TEDFU 


WFYCMGKRVCVCR-NHg 


1 


10 
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Table 5: Modification of the TEDFK peptide 



None 


Amino acid sequence 


HIC(tfg/inl} against C. albicans 


TEDFIC 


KFYCNGKRVCVCR-ttH2 


3 


TEDFK- 1 


KFYCMKRVCVCR-KH^ 


5 


TEDFK-2 


KFYDIGRVCVCR'NH^ 


5 


TEDFK-3 


KFYCNPKRVCVCR-NH2 


5 


TEDFIC-4 


KFYCMLKRVCVCR-NH^ 


5 


TEDFIC-5 


KFYCIIKKRVCVCR-NH2 


5 


TEOFK-6 


KFYCVGKRVCVCR-NH^ 


5 


TEDFIC-7 


kfyckgkrvcvc:r-hh2 


3 


TEDFIC-8 


KFYCMGICVCVCR-NH2 


5 


TEDFIC-9 


KFYCHPGPVCVCR-MH2 


20 


TEDFK- 10 


KFYCNGXRVCVCL-NH2 


5 


TEDFK-11 


KFYCMGKRVCVCD-NH2 


5 



Table 6: Siibstitution of Cys in the TEDFK 
peptide with aminoisobutyric acid ( Aib) 



Name 


Amino acfd sequence 


1 

MlC(iig/ml) against C. albicans 


TEDFK 


KFYCII6KRVCVCR-MH2 


3 


TEDFK- 1 A 


KFY(Aib>NGKRVCVCR-HH2 


1 to 3 


TEDFK-2A 


KFYCNGKRVC Ai b)VCR-NH2 


5 


TEDFK-3A 


KFYCM6KRVCVCAib)R-MH2 


20 


TEDFK-nZA 


KFY(Alb)NGKRV(Aib)VCR-HH2 


20 



As can be seen in Tables 2 to 6, it was clearly 
demonstrated that peptide TED, TEDF, TEDFK and derivatives 
thereof s of the present invention possess excellent 
antibacterial and/or antifungal activities. 

5 

Example 3 ; Comparison of antifungal activity of the 
synthesized peptides and Ketoconazole 

Derivatives of peptide TEDFK whose amino acid 
10 sequences are disclosed in Tables 5 and 6, were subjected 
to a comparison of the antifungal activity with a 
commercially available antifungal drug, Ketoconazole 
(Janssen Foundation, Belgium) . 
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Tcible 7: Antifungal activity of the 
synthesized peptides and 
Ketoconazole 



Naoie 


NIC(/£g/BiL) Qgainst C, albicans 


KGtocona zo I e 


6 


TEDFK*2 


6 


TEOFK-S 


6 


TEDFK-5 


3 


TEDFIC*6 


6 


TEDFIC-7 


3 


TEDFK-8 


6 


TEDFK-9 


12 


TEDFK-IO 


6 


TEDFIC-11 


6 


TEDFK-lA 


2 


TEDF)C*2A 


6 


TEDFK-3A 


12 



As can be seen in Table 7, it was determined that some 
of TEDFK peptide derivatives exhibit much higher antifungal 
activity than that of Ketoconazole. 

5 Example 4 : Antibiotic activity of TEDFK peptide 
analogues (I) 

Further modifications of a peptide TEDFK were made by 
employing addition, deletion and substitution of amino 

10 acids, to prepare a number of peptide derivatives which can 
be classified as 3 groups fallen within the general 
formula (II), (III) and (IV), respectively. Antibacterial 
and antifungal activities for the peptide derivatives were 
determined analogously as in Example 2 (see: Tables 8, 9 and 

15 10). 
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Table 8: Antibiotic activity of TEDFK 

peptide derivatives of group 1 



Name 


Amino acfd sequmce 


NIC(ra/nl> 




C. albicans 


TEDFK 


KFYCNGICRVCVCR-NH2 


6.25 


6.25 


H1 


KICYCNGICftVCVCft^NH^ 


3,16 


3-12 


H2 


KPYCN6KRVCVCR-NH2 


6.35 


6.25 


H3 


FKYCNGKRVCVCR^NH^ 


12.7 


12.5 


H4 


WCYCKICRVCVCR-HHg 


3.16 


3.12 


H5 


IQCYCIIiaCCVCIC-NH2 


3.16 


3.12 


H6 


iacYCNiaccvac-NH2 


3.16 


3.12 


N8 


ICFY(Alb)ICICVCVCIC-NH2 


3.16 


3.12 


H9 


KFYINGKRVCVCR-NK2 


3.16 


3.12 


N10 


KFYSNaCRVCVCR-NH2 


6.35 


6.25 


Nil 


KFYCNGICRVSVCR-NH2 


6.35 


6.25 


H12 


KFYCNGICRVC:VnLR-NK2 


6.35 


6.25 


N13 


KFYa«GiatICICR-NH2 


6.35 


6.25 


H14 


KFY(Afb)NGICRVIVCR-NH2 


12.7 


12.5 


N15 


YCNGKRVCVCRiaC-NH2 


6.35 


6.25 


N16 


ICYCNGICRVCVCRIC-NH2 


6.35 


6.25 


H17 


ICFY(Aib}ICGKRVCVCR-NH2 


6.35 


6.25 


H1B 


ICFYCDGKRVCVCR-NH2 


12.7 


12.5 


N19 


KFY(Aib>NGICKVFVFK-NH2 


6.35 


6.25 


N31 


KU INKKICICIC'NH2 


3.16 


3.12 


M25 


KFYCMGlCRV(A1b)VCK-NH2 


6.35 


6.25 


K26 


KUYCN6ICRVCVCR-NH2 


6.35 


6.25 


H27 


ICFYCNGICRVUVCR-NH2 


6.35 


6.25 


N28 


ICFYCNGICRVCVUR-NH2 


12.7 


12.5 


N29 


WFYCWGKRVCVCR-MHg 


30 


25 


H30 


KFYCIIUKRVCVCR-NH2 


12.7 


12.5 


N31 


KFYCMGiatVCVCU*MH2 


12.7 


12.5 



* nL: norleucine. Alb: amino! Bobutyric acid 
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Tcdsle 9: Antibiotic activity of TEDFK 

peptide derivatives of group 2 



None 


Amino acid sequence 


HIC(Mg/nl) 


S, aureus 


C. albicans 


TEDFK 


KFYCNGICRVCVCR-NH2 


6.25 


6.25 


¥S0 


KFY(Aib)iaCVFVrK-NH2 


6.35 


6.25 


If22 


KlCYIiaCVFVFK-NK2 


3.16 


3-12 


M23 


KYinCVFVFK-NH^ 


3.16 


3.12 


H24 


IOaCYIiaCVFVFK-MH2 


3.16 


3.12 


H35 


nCYIKICYIiaC-NHj 


12.7 


12.5 


H36 


ICVFVFICFVFVIC-NH2 


6.25 


6.25 



* Aib: aninoisobutyric acid 



As can be seen in Tables 8 and 9, it was clearly 
demonstrated that TEDFK peptide derivatives of group 1 and 
2 show both antibacterial and antifungal activities. 



Table 10: Antifungal activity of TEDFK 

peptide derivatives of group 3 



Name 


Amino acid sequence 


HIC(|cg/ml) against C. albicans 


TEDFIC 


ICFYCNGKRVCVCR-NH2 


6.25 


N32 


lOCiaCYlVFVFK-IIHj 


3-12 


H33 


ICKKYIVFVFK-NH2 


3.12 


H34 


KKYIVFVFK-MHg 


3-12 


K37 


ICYIVFVFK-NH2 


: 1 

3.12 1 
1 



As can be seen in Table 10, it was determined that 
TEDFK peptide derivatives of group 3 possess excellent 
antifungal activity. 

5 Example 5 : Antibiotic activity of TEDFK peptide 
analogues (II) 

Enantiomers and retro-inversoes of TEDFK were prepared 
and their antibiotic activities were determined analogously 
10 as in Example 2. In addition, derivatives of M22 peptide 
shown in Table 9 where at most 3 neighboring amino acids 
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located in each of N- and/or c-terminals, or at most 2 
neighboring amino acids in the mid-part of the peptide, 
were substituted with D-form amino acids, were prepared, 
and their antibacterial and antifungal activities were also 
5 determined (see: Table 11). 



Table 11: Antibiotic activity of TEDFK 
peptide derivatives (*) 



Name 


WHiitu ociu sequence 


HIC(/ig/nl) 


5. aureus 


C. albicans 


TB)FK 


KFYCNGKftVCVCR-NH^ 


6.25 


6.25 


Enantiomer 
of TEDFK 


kfycnskrvcvcr-MHg 


6.35 


6.35 


Ret ro" 1 fiverso 
of TEDFK 


rcvcvrksncyf k- N H2 


6.25 


6.25 


H22 


KKYIKKVFVFK-NH2 


3.16 


3-12 


M22-1 


kKYIKKVFVFK-NH2 


3.12 


3.10 


H22*2 


kkYIKKVFVFK-NH^ 


3.15 


3.12 


M22-3 


kkyIKKVFVFK-NH2 


3.16 


3.12 


H22-4 


KKriKKVFVFk-NH2 


3.17 


3.11 


H22-5 


KKYIKKVFVfk-NHg 


3.12 


3.12 


K22-6 


KKYlKKVFvfk-NH2 


3.13 


3.15 


H22-7 


kKYIKKVFVFk-NH2 


3.11 


3.12 


K22-8 


kkYIKKVFVFk-NH2 


3.16 


3.12 


M22-9 


kkylKKVFVFk-NH2 


3.15 


3.11 


N22-10 


kKYIKKVFVfk-NH2 


3.17 


3.15 


H22-11 


kkriKKVFVfk-NH2 


3.16 


3.U 


M22-12 


kkyIKKVFVfk-NH2 


3.15 


3.15 


H22-13 


kKYIKKVFvfk-NH2 


3.18 


3.15 


M22-14 


kkyjKKVFvfk-MH2 


3.13 


3.11 


H22-15 


kkyIKKVFvfk*NH2 


3.12 


3.12 


N22-16 


KkYtKKVFVFK-NH2 


3.15 


3.16 


H22-17 


KKyIKKVFVFK-HH2 


3.15 


3.12 


N22-18 


KKYIKKVFVFK-NH2 


3.16 


3-15 


M22-19 


KKYIkKVFVFX-NH2 


3-15 


3.14 


N22-20 


KKYIKkVFVFK-NH2 


3.16 


3-12 


H22-21 


KKYIKKVFVFK-NH2 


3.17 


3-15 
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Table 11: (continued) 



N22-22 


ICKYIICICVfVFK-MH, 
c 


3.15 


3.12 


H22-23 


KJCYIICICVFvFK-IIH, 


3.16 


3.17 


H22-24 


ICKYIICICVFVfK-MH2 


3,14 


3.11 


M22-25 


ICkyllCICVFVFK-NH^ 


3.15 


3.12 


H22-26 


ICKyiiaCVFVFIC*NH2 


3.16 


3.15 


H22-27 


KKYiklCVFVFIC-NHg 


3.17 


3.11 


K22-28 


ICkYIklcVFVFK-HH^ 


3.15 


3.12 


N22-29 


KKTIICkvFVFK-NHj 


3-15 


3-11 


H22-30 


ICKYIiaCvfVFK-HH2 


3.17 


3.12 


N22-31 


KKYIIOCVfvFK-NH^ 


3.16 


3-15 


M22-32 


KKYIKKVFvfK-MHj 


3.15 


3.12 



ill letters represent D-form amino acids. 



As shown in Tcible 11, it was proved that enantiomers 
and retro-inversoes of TEDFK, and derivatives of M22 
peptide possess both antibacterial and antifungal 
activities to the level of TEDFK and M22 peptide, 
5 respectively* 

From the above results, it was determined that the 
analogues, i.e., enantiomers, retro-inversoes and 
derivatives where at most 3 neighboring amino acids located 

10 in each of N- and/or C-terminals, or at most 2 neighboring 
amino acids in the mid-part of the peptides, are 
substituted with D-form amino acids, have similar 
activities to those of the parent peptides of the present 
invention, which is correlated with the previous reports 

15 that antibiotic peptides have no stereo-specificity for the 
targeted membrane since the peptides interact the membrane 
without specific binding with chiral receptor or enzyme 
( see : Bessalle, R. et al., FEBS Lett., 274:151-155(1990); 
Hade, D. et al., Proc. Natl. Acad. Sci. , USA, 87:4761- 

20 4765(1990); Matsuzaki, K. et al.. Biochemistry, 34:3423- 
3429(1995); Merrifield, R.B. et al., Proc- Natl. Acad. 
Sci., USA, 92:3449-3453(1995); Krause, E. et al.. Anal. 
Chem., 67:252-258(1995)). 
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Fyain ple 6 ; Cytotoxicity 

To examine whether the peptides synthesized in the 
invention cause cell lysis or not, red blood cells were 
5 first obtained by the centrifugation of 3ml of human blood, 
rinsed with PBS (phosphate buffered saline) solution three 
times and diluted with the same solution to have 20ml in 
total o To IBOfxl of the red blood cell-containing solution 
thus prepared, was added 10^1 of peptide solution prior to 

10 the incubation at 37**C for 30min» After inctibation, 
centrifugation followed to obtain supernatant. Then, a 
level {%) of cell lysis caused by peptides was determined by 
the examination of absorbeuice at 576nm( see ; Table 12) - At 
this moment, TEDFK, TEDFK-IA, M5, M6, M19, M22 and M32 were 

15 chosen as peptide fragments of Tenecin, and an eintibiotic 
peptide KLK ( see ; Nator i , S . et al . , J . Biochem . , 
117(6) : 1312-1316 (1995) ) and a commercially available 
antibiotic. Amphotericin B (Sigma, USA) known to lyse a red 
blood cell were employed as controls, respectively. 



Table 12: Lysis of red blood cell(%) 



Peptide 
concentration 


Cell ly5is(X) 


TEDFK 


TEDFK-IA 


K5 


N6 


N19 


H22 


H32 


KLK 


Amphotericin B 


0.07B 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0.625 


0 


0 


0 


0 


0 


0 


0 


0 


8.06 


7-8 


0 


0 


0 


0 


0 


0 


0 


0 


100 


31 -Z 


0 


0 


0 


0 


0 


0 


0 


9.6 


100 


62.5 


0 


0 


0 


0 


0 


0 


0 


78.6 


100 


125 


0 


0 


0 


0 


0 


0 


0 


89.9 


100 


250 


0 


0 


0 


0 


0 


0 


0 


100 


100 


500 


0 


0 


0 


0 


0 


0 


0 


100 


100 


1000 


0 


0 


0 


0 


0 


0 


0 


100 


100 


5000 


0.28 


0 


30.6 


13.3 


0 


0 


0 


100 


100 



*: KLK is a peptide whose amino acid sequence is KLKLLLLLKLK-NH. 
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As can be seen in Table 12 above, it was clearly 
determined that the peptides of the invention do not cause 
cell lysis, which was a surprising finding to guarantee the 
safety of the antibiotic peptides of the invention, since 
5 both of controls including a commercially available 
antibiotic such as Amphotericin B, cause cell lysis which 
is one of serious untoward effects in a human body 
administered with the antibiotics. 



10 As clearly illustrated and demonstrated above, the 

present invention provides novel antibiotic peptides which 
possess superior antibacterial and/or antifungal activities 
causing no untoward effects such as cell lysis, and to 
pharmaceutical compositions containing said peptides as 

15 active ingredients. 
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WHAT IS CLAIMED IS : 

Acid- or amide-form peptides which possess both 
antibacterial and antifungal activities, which are 
5 represented by the general formula (I), and analogues 
thereof s including enantiomers , retro-inversoes and 
derivatives where at most 3 neighboring amino acids located 
in each of N- and/ or C-terminals, or at most 2 neighboring 
cunino acids in the mid-part of the peptides, are 
10 substituted with D-form amino acids, respectively: 

ot' a* V C V C (I) 
15 wherein, 

is 2 to 4 residues of cimino acid; 

is N, K or V; 
a' is vacant, or G, P, L or K; 

is vacant or K; 
20 is vacant or R; and, 

a* is R, L or D. 

2. The peptides of claim 1, wherein is selected from 
the group consisting of YC, FC, WS, FYC, KYC, PYC, KFYC and 

25 FFYC. 

3. The peptides of claim 1, wherein C(Cys) is replaced 
with cuninoisobutyric acid. 

30 4. Acid- or amide-form peptides which possess both 

antibacterial and antifungal activities, which are 
represented by the general formula (II), and analogues 
thereof s including enantiomers, retro-inversoes and 
derivatives where at most 3 neighboring amino acids located 

35 in each of N- and/or C-terminals, or at most 2 neighboring 
amino acids in the mid-part of the peptides, are 
substituted with D-form amino acids, respectively: 
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P^ P^ P^ (II) 



5 Wherein, 

is vacant, or l or 2 basic amino acids; 
p^ is vacant, or l or 2 hydrophobic or basic 
amino acids (provided that /J^ is vacant 
and is 1 residue of amino acid. 
Pro and Tyr are excluded) ; 

is 2 amino acids selected from the group 
consisting of hydrophobic amino acids 
and Cys; 

is 1 or 2 amino acids (provided that p^ is 
■^^ 1 residue of amino acid. Pro and acidic 

amino acids are excluded; and, provided 
that is 2 amino acids, both of which 
should not be acidic amino acids) ; 
P^ is 1 or 2 basic amino acids; 
2^ P^ is vacant, or a hydrophobic amino acid; 

P^ is an amino acid selected from the group 
consisting of hydrophobic aromatic and 
aliphatic amino acids, Cys and Ser; 
^ is a hydrophobic amino acid; 
2^ is an amino acid selected from the group 

consisting of hydrophobic aromatic and 
aliphatic amino acids, Cys and Ser 
(provided that jS^ is a hydrophobic 
aliphatic amino acid or Ser, should 
be a hydrophobic aromatic amino acid 
or cys) ; and, 
p^^ is 1 or 2 basic amino acids, 

5. Acid- or amide-form peptides which possess both 
35 antibacterial and antifungal activities, which are 
represented by the general formula (III), and analogues 
thereof s including enantiomers, retro-inversoes and 
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derivatives where at most 3 neighboring amino acids located 
in each of N- and/or C-terminals, or at most 2 neighboring 
amino acids in the mid-part of the peptides, are 
substituted with D-form amino acids, respectively: 



y1 y2 y3 y4 ^5 jjjjj 

wherein, 

10 is 1 to 4 residues of amino acid; 

is 2 to 4 hydrophobic amino acids; 
Y^ is 1 or 2 basic amino acids; 
Y* is 2 to 4 hydrophobic amino acids; and, 
Y^ is 1 to 3 amino acids containing at least 
15 one of basic eunino acids (provided that 

Y^ is more than 2 amino acids, basic 
euaino acids are directed to N- 
terminal) . 

20 6. Acid- or amide- form peptides which possess 

antifungal activity, which are represented by the general 
formula (IV), and analogues thereof s including enantiomers, 
retro- inversoes and derivatives where at most 3 neighboring 
amino acids located in each of N- and/or C-terminals, or at 

25 most 2 neighboring amino acids in the mid-part of the 
peptides, are substituted with D-form amino acids, 
respectively: 



30 (ab)„, (ba)^ c (IV) 

wherein, 

6^ is 1 to 4 residues of aunino acid; 
a is a hydrophobic aromatic amino acid; 
35 b is a hydrophobic aliphatic amino acid; 

nl is an integer of 1 or 2; 

n2 is an integer of 1, 2 or 3 (provided that 
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nl is 1, n2 is 2 or 3; and, provided 
that nl is 2, n2 is 1 or 2) ; 
c is vacant, or a hydrophobic amino acid; 
€md, 

5 is 1 or 2 basic amino acids. 

7. A pharmaceutical composition which shows both 
antibacterial and antifungal activities, which contains at 
least one of peptides in claim 1 as active ingredient and 

10 pharmaceutically acceptedsle carriers, 

8. A pharmaceutical composition which shows both 
antibacterial and antifungal activities, which contains at 
least one of peptides in claim 4 as active ingredient and 

15 pharmaceutically accept sdDle carriers. 

9. A pharmaceutical composition which shows both 
antibacterial and antifungal activities, which contains at 
least one of peptides in claim 5 as active ingredient and 

20 pharmaceutically acceptable carriers. 

10. A pharmaceutical composition which shows antifungal 
activity, which contains at least one of peptides in claim 
6 as active ingredient and pharmaceutically acceptable 
25 carriers. 
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